In a study conducted at the Research Station of the Wrocław University of Environmental and Life Sciences, weed occurrence in living mulches maintained in apple tree rows of 'Pinova' cv. was assessed during the first seven years after sowing. The trees were planted in spring 2004 (3.5 × 1.2 m). In the same year, living mulches: colonial bent grass, white clover and French marigold, were sown into 1 m wide tree rows. Blue fescue, the only perennial cover crop with herbicide application against dicot weeds once in the second year after sowing, was introduced in the second year after planting the trees to replace dwarf nasturtium which was sown in the year of orchard establishment. In the inter-row spaces, perennial grass was maintained.
INTRODUCTION
Weed infestation in agricultural crops is determined by a range of factors, such as: crop rotation, tillage, soil fertility, and habitat conditions [1] . In case of fruit crops, the most important factors additionally include the following: method of tree planting [2] , fertilization [3] , and in particular orchard floor management within and between tree rows [4] [5] [6] . High variation in weed occurrence between years following the tree planting is also specific to fruit production. Over a period of several years, it is possible to observe the growth or decline of selected weed populations. Some species appear only in single growing seasons, whereas other ones occur every year and their presence can be described as nearly constant [7, 8] . Long-term application of post-emergence herbicides is an effective method of weed suppression within rows of trees [9] , yet, following the trends in the area of crop farming [10] [11] [12] , modern horticulture has been striving to reduce the use of chemical means of weed control and to replace them with more environmentally friendly methods. One of them is the application of living mulches within or between rows of fruit [4] [5] [6] 13, 14] or ornamental [15] trees. The presence of the cover crop, however, results in less favourable conditions for tree growth and development [16] . What is more, the density of plants composing the living mulch is insufficient to prevent fast emergence of weeds -especially in the year of sowing. Under a high level of weed infestation, the competition between the living mulch and the tree increases substantially [4, 13, 14] . In the years after the sowing of the mulch, weed suppression depends on the composition of the cover crop. Some species, such as red fescue with perennial ryegrass [15] , white mustard [5] and common vetch [17] , were found to have satisfactory potential in this regard. On the other hand, the application of bird's foot trefoil [15] , velvet bean [6] , or white clover [18] did not bring positive results.
The aim of this study was to estimate the diversity of weed species occurring in the living mulch in an apple orchard during the first seven years after tree planting. ) to replace annual dwarf nasturtium (Tropaeolum majus nanum L.). In the second year after sowing (2006), dicotyledonous weeds developing within the blue fescue sod were treated with an herbicide based on MCPA (2-methyl-4-chlorophenoxyacetic acid) applied at a rate of 2 l × ha -1 . Prior to sowing this perennial mulch of blue fescue and at the beginning of the second year after tree planting (2005), before the renewal of the French marigold mulch, chemical weed control was applied using a mix of glyphosate and MCPA (8.0 + 1.5 l × ha The living mulches were only sown in tree rows, in four replications. Between the rows, permanent grass sod was introduced and it was mown several times per growing season. Within each replication, three plots with a dimension of 6 × 1 m were delimited. The degree of soil coverage by living mulches was assessed with a 5% measurement error as the percentage of the total plot area (6 m 2 ) occupied by the mulching plant. In the same plots, the percentage of the soil surface occupied by weed species was determined. For this purpose, a non-invasive method of weed population assessment, following the methodology of L i p e c k i and J a n i s z [8] , was employed. The assessments were performed separately for each species, while in some cases for the genus of weeds; the underrepresented taxa were omitted. The proportion of the plot area occupied by each species was expressed using a discrete percentage scale: 0, 20, 40, 60, 80 and 100%. As the share of each species was assessed independently, it was impossible to express the relationship between the total percentage of all weed populations and living mulch sod at a scale of 100%. The first assessment took place in the year of sowing (2004), after the emergence of the mulching plants. In the subsequent years (2005-2010), it was done in July.
MATERIALS AND METHODS
The data obtained in the year of sowing the living mulch and the averaged data from the subsequent two-year periods pertaining to the degree of soil coverage by the living mulches and to weed occurrence were analyzed using one-way analysis of variance for a Randomized Block Design. Prior to the analysis, the data were angularly transformed (by the Bliss function). Additionally, in order to fulfil the assumptions of analysis of variance, at least approximately, logarithmic or exponential transformations were applied to some of the continuous data. The multiple comparisons were performed at the 5% significance level using Duncan's Multiple Range Test.
RESULTS
The percentage of the soil surface in the tree rows covered by living mulch was found to vary depending on living mulch species (Fig. 1 ). The degree of soil coverage by annual French marigold plants was low in every year of the study. In contrast, beginning from the second year after their sowing, the blue fescue and colonial bent grass mulches formed a very good sod. In the living mulch of white clover, substantial variation in mulch cover was observed during the first seven years following the orchard establishment. As early as in the year of sowing of all living mulches, weed infestation was observed, involving about 20-24 species (Table 1 ). In the subsequent years, similar diversity of weed species was noted only in the annually renewed mulch -French marigold. The maintenance of the perennial living mulches contributed to a gradual reduction in the number of weed species, in particular of annual ones. The blue fescue showed the highest efficacy in this regard. In the seventh year of the study (2010), only eight species, two of them annual, were observed. The percentage of the soil surface occupied by the majority of the described weed species most often did not exceed 20% and only in some cases it reached 40% -sporadically more. The highest abundance was shown by the population of Elymus repens (L.) Gould. It exceeded 80% in the white clover, colonial bent grass and annual French marigold sod. Together with several other perennial and annual weed species, this species was found to be the most important weed in the orchard (Table 2) . Among the most important annual weed species, significantly higher mean annual soil coverage within the tree rows was most frequently noted only in the living mulch of French marigold. No differences in the occurrence of perennial weed species Convolvulus arvensis L. and Trifolium repens L. were observed between the investigated mulch species.
At the same time, Elymus repens (L.) Gould showed significantly higher mean annual soil coverage within the white clover and colonial bent grass sod in comparison with the other living mulches. The occurrence of Taraxacum officinale Web. was significantly higher in French marigold than in the perennial grasses. Table 1 The percentage of the soil surface under the weed species in the tree rows from the year of the sowing (2004) up to the year 2010, depending on the kind of living mulch Year Weed species
Vicia spp. The percentage of the soil surface occupied by the most important weed species in the year of sowing and in the subsequent two-year periods was distinctive for each living mulch (Table 3 ). In the case of French marigold, all weeds were present in each time period studied. In the perennial mulches, a decline in annual weeds was observed. In the periods that followed the orchard establishment, the percentage of the soil surface occupied by annual species was significantly lower than in the year of mulch sowing. A significant reduction in the surface area occupied by the perennial species Taraxacum officinale Web. was observed only in the case of colonial bent grass and blue fescue. In contrast, in the white clover mulch, a significant growth in the Elymus repens (L.) Gould population took place. The share of the other most important perennial weeds in the sod of the perennial living mulch species was constant. The assessment of soil coverage by the living mulch, which was conducted in the same period, showed a significant decrease in French marigold in relation to the year of sowing (Table 4 ). In case of white clover and colonial bent grass, the percentage of mulch cover was significantly lower than the respective mean coverage observed during the second and third year after sowing. 
DISCUSSION
In the year of the establishment of the experiment, multi-species weed infestation was found. The number of observed species was about 25. Annual weeds, such as: Chenopodium album L., Poa annua L., Stellaria media (L.) Vill., Senecio vulgaris L., as well as several perennial species: Convolvulus arvensis L., Elymus repens (L.) Gould, Taraxacum officinale Web. and also Trifolium repens Web. -a species commonly encountered also in fruit production based on herbicide fallow [2, 8] as well as in orchards in which tree row mulching with organic materials is used for several years [9] , were found to be the most important. Similarly as in the study by H a r t l e y et al. [4] , in the present experiment the relationship between soil coverage and weed biomass was determined by a relevant choice of the living mulch. All the investigated perennial living mulches showed high ability to suppress annual weeds. This observation is in agreement with the study by C a l k i n s and S w a n s o n [15] concerning a mix of grasses. Similar results were not obtained in the rows mulched with annual French marigold. In this mulch, similarly as in the case of orchards that use herbicide fallow [7, 8, 19] , annual weeds were observed every year. However, a better choice of the annual living mulch species, common vetch, enabled a reduction in weed density and biomass [17] .
The seven-year study conducted in the rows of the 'Pinova' apple tree variety and a shorter study on the 'Ligol' variety [19] have shown that the maintenance of perennial living mulches is intrinsically linked to the occurrence of perennial weed species. The percentage of the soil surface that they occupy can vary significantly across years or remain at the same level as in the year of orchard establishment. Such fluctuations are also observed in herbicide fallow [8] . Similarly as in case of chemical weed control, several-year-long soil coverage with the sod of perennial grasses exceeding ¾ of the tree row surface area led to significant suppression of the population of Taraxacum officinale Web., whereas the abundance of Convolvulus arvensis L. did not change. Among the two grass species evaluated, blue fescue -the mulch treated with a single application of herbicide to control dicotyledonous weed species -showed slightly lower weed infestation. In the study by H a r t l e y et al. [4] , similar chemical treatment led to satisfactory soil coverage by a living mulch of red fescue and white clover mixed together amounting to 75%.
In living mulch, perennial weed species are much harder to control than annual ones [12] . In the conducted experiment, Elymus repens (L.) Gould was found to the most persistent perennial weed species. In case of the blue fescue, significantly lower soil coverage by this plant in relation to colonial bent grass and white clover was additionally the result of better soil preparation prior to the sowing of the mulch. The introduction of blue fescue, in the second year after planting the apple trees, was preceded by hand weeding of dwarf nasturtium in the year of orchard establishment and by chemical weed suppression, which took place before sowing the grass. The blue fescue sod efficiently controlled the population size of Elymus repens (L.) Gould, keeping it at a level of about 20% in the subsequent years of the orchard. This result is similar to the one shown by B e r g k v i s t et al. [20] in winter wheat in the red fescue living mulch, where annual biomass of Elymus repens (L.) Gould rhizomes was reduced by 40%. The possibility of replacement of couchgrass by perennial ryegrass in an apple orchard was also observed in the study of L i p e c k i and J a n i s z [7] -probably as an effect of frequent mowing of the weed sod. The maintenance of the white clover cover produced opposite results. Despite the fact that already in the second year after planting the apple trees the mulch was occupying 100% of the tree row surface area, Elymus repens (L.) Gould was able to spread in it and eventually proved to be more dominant. In consequence, the soil surface covered by the sod of this living mulch underwent significant shrinkage to a level of 20%. The study of H i l t b r u n n e r et al. [11] on the introduction of several species of clover and other legumes into cereal cultivation showed an efficient reduction in the occurrence of dicotyledonous weeds in comparison with monocotyledonous species, such as Poa trivialis L. In case of the white clover mulch, a higher occurrence of this weed was shown by H o g u e et al. [18] . The higher ability of grass mulches to suppress weeds in comparison with living mulch species of the Fabaceae family, shown by this experiment, is in agreement with the results reported by C a l k i n s and S w a n s o n [15] .
CONCLUSIONS
1. Multi-species weed infestation in the year of sowing living mulch in the rows of cv. 'Pinova' apple trees underwent changes in the subsequent years of the maintenance of the perennial mulch species, which included a complete decline or significant reduction in the percentage of the soil surface occupied by annual weeds. 2. It is possible to maintain the population of perennial weed species at a constant level or even to significantly suppress Taraxacum officinale Web. in the years following orchard establishment by introducing properly chosen living mulch species in the rows of apple trees -blue fescue and colonial bent grass. 3. The dominance of perennial weed cover in an orchard can be the result of a significant growth of the Elymus repens (L.) Gould population and can lead to a significant decrease in the proportion of the soil surface covered by white clover and annual French marigold living mulches.
